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Abstract. 2014 Measurements of the NMR absorption line shapes have been used to establish the phase diagram for orientational ordering of the J = 1 molecules in solid mixtures of paradeuterium (J = 1) and orthodeuterium (J = 0) for para concentrations 42 X 75 % and temperatures 0.035 T 2.5 K. As in solid hydrogen, we observe three phases : a rotationally disordered phase, a long range orientationally ordered phase for concentrations of the J = 1 species greater than a critical concentration Xc ~ 55 % and a hitherto unreported ordered phase in solid deuterium for X Xc. The nature of the ordering in the new phase has been determined by analysing the NMR line shapes. There is a large distribution of local orientational order parameters for X Xc and we interpret the transitions observed for low concentrations as a quadrupolar glass ordering of the orientational degrees of freedom of the J = 1 molecules. [1] ). The aim of these experiments was to explore the phase diagram for the orientational ordering in the vicinity of the critical concentration of para deuterium (approximately 55 %) below which previous studies [2] limited to high temperatures showed no evidence for ordered phases. Several experiments [3, 4, [6] , as opposed to the much sharper transitions observed for samples obtained from a slow crystallisation of the liquid phase using fine copper wires to assure thermal contact [4, 5, 7] . Nevertheless [6, 7] (which show that there is a broad distribution of different values of aJ that one cannot describe the system in terms of single particle wave functions. We therefore use the reduced single particle density matrix to describe the orientational degrees of freedom 13 is the 3 x 3 unit matrix. As stated above, for the five parameters 0~" ~ needed to specify p; we choose local axes (x;, yi, z;) for which 0~ ) = 0 and OA2 &#x3E; are real and the intrinsic local quadrupolar order parameters ~;, r¡i (see reference [7] ).
Given these order parameters one can determine the NMR spectra by expressing the intramolecular nuclear dipole-dipole and nuclear electric quadrupole interactions as products of the molecular tensorial operators 0~" and nuclear spin operators and calculate the perturbation of the nuclear Zeeman levels for the case of a large applied magnetic field. In the ordered phases the intramolecular interactions do not average to zero [1] ). The weak shoulders extending out to v = + 3 d are observed only for para concentrations X &#x3E; 80 %. b) Quadrupolar glass ordering. Broad distribution of local order parameters ; P(~) = constant for -6max 17 i Umax, ri = 0. The relative intensity of the I = 1 and I = 2 components corresponds to a J = 1 concentration of 50 % and illustrates the relative weakness of the I = 1 spectrum which contains the information on the orientational order parameters. c) Disorder phase. T &#x3E; T~(X). 7 === ~ == 0.
(apart from corrections due to zero point effects and admixtures of higher J states in the ground state) and 1] = 0 (axial symmetry). Averaging over the angle 9; for a polycrystalline sample leads to a Pake doublet line shape for the contribution from the para molecules. In contrast to the case of solid hydrogen the J = 0 molecules have nuclear spin I = 2 and they contribute a narrow central line to the NMR spectrum which is also split due to the polarization of the ortho molecules (J = 0 plus an admixture of J = 2 states) by the para species [2] . The [7] for further details).
The initial J = 1 concentrations were determined from thermal conductivity measurements of the gas phase at 77 K using a thin film thermal conductivity gauge [11] . (Fig. I b) figure 5 occur over a narrow temperature interval and are in reasonably good agreement with those reported elsewhere [16] for X &#x3E; 55 %. Although we have not been able to observe the I = 1 spectrum for X 42 % using CW NMR techniques, measurements of the nuclear spin relaxation times [9] for X = 33 % have shown evidence for a rapid freezing of the orientational degrees of freedom at T = 160 ± 20 mK. This point has been included in the phase diagram (Fig. 5) figure 5 have been determined from the evolution of the low temperature line shapes shown in figure 2 as the sample is allowed to age. Although the evolution of the rectangular line shape to the triangular line shape occurs smoothly over a concentration range of approximately 10 % near the critical concentration, the concentration dependence of the frequency separation of the shoulders, AVmax = -1 2 d~max (Fig. 3) changes much more rapidly at the critical concentration. This is interpreted as a transition from long range order for X &#x3E; Xc to a quadrupolar glass phase for X X~. For The present experiments have not permitted the observation of the glass phase for X 42 % and we plan to extend these measurements to lower concentrations using improved CW techniques to obtain better signal to noise ratios and by measuring the nuclear spin lattice relaxation times.
